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doi:10.1016/j.asjsur.2012.04.027Summary Background: Severe head injury is known to be a major cause of early mortalities
and morbidities. Patients’ long-term outcome after acute care, however, has not been widely
studied. We aim to review the outcome of severely head-injured patients after discharge from
acute care at a designated trauma center in Hong Kong.
Materials and methods: This is a retrospective study of prospectively collected data of
patients admitted with severe head injuries between 2004 and 2008. Patients’ functional
status post-discharge was assessed using the Extended Glasgow Outcome Score (GOSE).
Results: Of a total of 1565 trauma patients, 116 had severe head injuries and 41 of them
survived acute hospital care. Upon the last follow-up, 23 (56.1%) of the acute-care survivors
had improvements in their GOSE, six (11.8%) experienced deteriorations, and 12 (23.5%) did
not exhibit any change. The greatest improvement was observed in patients with GOSE of 5
and 6 upon discharge, but two of the 16 patients with GOSE 2 or 3 also had a good recovery.
On logistic regression analysis, old age and prolonged acute hospital stay were found to be
independent predictors of poor functional outcome after a mean follow-up duration of 42
months.
Conclusion: Multidisciplinary neurorehabilitation service is an important component of
comprehensive trauma care. Despite significant early mortalities, a proportion of severely
head-injured patients who survive acute care may achieve good long-term functional recovery.
Copyright ª 2012, Asian Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.eurosurgery, Department of Surgery, Li Ka Shing Faculty of Medicine, The University of Hong Kong,
u.hk (G.K.K. Leung).
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Traumatic brain injury (TBI) accounts for a significant
proportion of accidental deaths in adults worldwide.1,2 The
acute outcome of severe TBI has been studied extensively
over the years with reported mortality rates ranging from
20% to 50%.3,4 The majority of TBI-related deaths occur
shortly after injury or during acute hospital stay, and
patients who survive acute care may also have significantly
reduced life expectancies and functional impairment.5
When compared with the general population, head-
injured patients continue to have increased risks of
mortality after hospital discharge.6 Post-acute-care
mortality has been postulated to be secondary to
patients’ impaired mobility, suicide risks, and altered life-
style.6 Other risk factors may include old age, male gender,
as well as premorbid psychosocial, psychiatric, and seizure
disorders.7
The majority of published studies on TBI have focused on
patient outcome during acute hospital stay, and relatively
less is known about post-acute outcome. Mortality is only
one of the many sequelae of severe TBI, and acute-care
mortality alone provides an inadequate assessment of
patient outcome. In the United States, an estimated 1.59
million patients sustain head injury annually.8 Of these, 20%
required inpatient rehabilitation.9 Age, Glasgow Coma
Score (GCS), and baseline Functional Independence
Measure recorded at the beginning of rehabilitation have
been found to be independent predictors for 1-year clinical
outcome.10
The disabilities and the psychosocial needs of survivors
of TBI have a significant impact on society. A proportion of
these patients are unable to live at home or to resume their
premorbid employment, which translates into an increased
need for care from their families and society, as well as an
increased demand on infirmaries, nursing homes, and
rehabilitation services. A previous study has demonstrated
that an average of 40 years of productivity to the society
was lost per victim of all traumatic deaths, with TBI
accounting for over 50% of these cases.11 Several previous
studies have described predictive factors associated with
acute and/or delayed mortality, but reports on functional
outcomes are relatively limited.6,7,12
The aim of this study is to review the post-acute
mortality and functional outcomes of patients suffering
from severe TBI initially treated at a designated trauma
center. Predictive factors associated with post-acute
functional outcomes will also be studied.
2. Materials and methods
2.1. Patient selection
This is a retrospective review of the prospective hospital
trauma registry of a designated trauma center. All patients
with severe head injuries with or without extracranial
injuries who were admitted between January 2004 and
December 2008 were included. Severe head injury was
defined by admission Glasgow Coma Scale (GCS of 8 or
lower. Patients who died upon arrival at the center were
excluded.2.2. Acute trauma care
Our trauma center has 24-hour neurosurgical coverage and
is equipped with staffing and resources compatible with
a Level I trauma center in the United States. All patients
received initial resuscitation by the hospital trauma team.
Severely head-injured patients would receive operative
treatment as clinically indicated and postoperative care in
the neurointensive care unit. All patients were given
prophylactic anticonvulsant medications and received
intracranial pressure monitoring. Refractory intracranial
hypertension, as defined by intracranial pressure greater
than 20 mmHg, was treated with intravenous mannitol
infusion and/or reoperations if repeated imaging studies
demonstrated the presence of significant intracranial mass
lesions. Cerebral perfusion pressure was maintained at
70 mmHg with the use of inotropic support if needed.
Tracheostomy was performed if mechanical ventilation was
required for more than 5 days.
2.3. Rehabilitation services
Following discharge from the trauma center, decisions on
subsequent rehabilitation care was decided by the
attending neurosurgeons based on the perceived rehabili-
tation potential. Patients may be transferred to an affili-
ated rehabilitation center or a convalescence hospital or
were sent home. The rehabilitation center was staffed with
a multidisciplinary team of occupational therapists, phys-
iotherapists, speech therapists, and medical social workers.
Each patient would receive 4e6 hours of goal-directed and
systematic training daily, depending on the individual’s
progress and clinical state. In contrast, the convalescence
was mainly catered for general nursing care. Physiotherapy
was given primarily for the prevention of limb spasticity
and chest infections. Cognitive and functional training was
limited.
2.4. Data and statistical analysis
Patients’ demographics as well as mechanisms and sever-
ities of head injuries as denoted by the Injury Severity
Score (ISS), Revised Trauma Score (RTS), and computerized
tomography findings were collected for analysis. Main
outcome measures included acute hospital length of stay,
acute hospital and post-discharge mortalities, and func-
tional outcomes. The latter was assessed using the
Extended Glasgow Outcome Scale (GOSE).13 Statistical
analysis was performed using SPSS for Windows v16.0.1
software. Correlative analysis was performed using inde-
pendent t-test and logistic regression to identify predictive
factors for post-acute outcome. Statistical significance was
defined as p< 0.05.
3. Results
3.1. Early and delayed mortalities
A total of 1565 trauma patients were admitted during the
study period, of whom 116 suffered from severe head
Table 1 Characteristics of patients with severe head
injuries who survived acute care (nZ 41).
Age 47.8 y
(range, 19.0e82.0)
Gender (%)
Men 27 (65.9%)
Women 14 (34.1%)
Mechanisms of injury
Fall 23 (56.1%)
Motor vehicle accidents 14 (34.1%)
Others 3 (7.3%)
Assault 1 (2.4%)
Injury Severity Score (ISS) 18.54 (range: 1e59)
Revised Trauma Score (RTS) 4.7863
(range: 0.8724e5.9672)
Computerized tomography findings
Intracerebral hemorrhages 13 (31.7%)
Subarachnoid hemorrhages 12 (29.3%)
Subdural hemorrhages 11 (26.8%)
Epidural hemorrhages 5 (12.2%)
Length of acute hospital stay days 23.6 (1e180)
Disposal
Rehabilitation center 6 (14.6%)
Convalescence hospital 15 (36.6%)
Home 20 (48.8%)
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hospital care, yielding an acute hospital mortality rate of
64.7%. After discharge, five patients subsequently died,
yielding a post-acute mortality rate of 12.2% (5/41) and an
overall mortality rate of 69.0% (80/116) for patients with
severe head injuries (Fig. 1). All five delayed mortalities
had GOSE of 2 to 4 upon discharge from the trauma center.
The causes of these five deaths included sepsis (2), carci-
noma of urinary bladder (1), chronic obstructive airway
disease (1), and cerebrovascular accident (1).
3.2. Characteristics of acute-care survivors
Of the 41 survivors of acute hospitalization, 27 (65.9%) were
men and 14 (34.1%) were women, with a mean age of 47.8
years (rangeZ 19.0e82.0) (Table 1). Over half of the
patients (56.1%) suffered from severe head injury as
a result of falls. The mean ISS was 18.54, and the mean RTS
was 4.786. Around one-third of patients had traumatic
intracerebral hemorrhages. The mean length of acute
hospital stay was 23.6 days. Almost half of our patients
(48.8%) were able to be discharged home, 36.6% were
transferred to a convalescence hospital, and the rest
(14.6%) were admitted to our rehabilitation center.
Upon hospital discharge, 24.4%, 19.6%, and 41.4% of
acute-care survivors had severe disabilities (GOSEZ 3 or
4), moderate disabilities (GOSE 5 or 6), and good recoveries
(GOSEZ 7 or 8), respectively. Close to 15% were in vege-
tative states (GOSEZ 2) (Table 2). The mean duration of
post-acute follow-up was 42 months (rangeZ 12e 60
months).
3.3. Changes in functional outcome after acute
care
Overall, 23 (56.1%) of the acute-care survivors had
improvements in their GOSE, six (11.8%) experienced
deteriorations, and 12 (23.5%) did not exhibit any changes
as of the last follow-up (Tables 2 and 3). The number of
patients with good recovery (GOSE 7 and 8) increased
from 17 (41.6%) to 25 (61%). The number of patients in
vegetative state decreased from six (14.6%) to two (4.9%).Figure 1 Acute and delayed mortalities of patients with
head injuries during the study period.The greatest improvement was observed in patients with
GOSE of 5 and 6 upon hospital discharge. In contrast,
among the 16 patients who were vegetative or severely
disabled upon hospital discharge, 31.3% subsequently
died, while 43.8% remained unimproved. Of note,
however, were two of these 16 patients (12.5%) who
eventually attained GOSE of 8.
With regard to the impact of post-acute rehabilitation
service, 66.7% of patients who were transferred to the
rehabilitation center experienced improvement; only 53.3%
of those transferred to a convalescence hospital subse-
quently improved. The two severely disabled patients who
subsequently improved to GOSE of 8 were initially dis-
charged home from acute care.
Thirty-two (78%) of all acute-care survivors were able to
return home while four (9.8%) remained under institutional
care. In terms of ambulatory ability, 25 (61%) could walk
unaided and three (7.3%) could walk with aids. Six (14.6%)Table 2 Extended Glasgow Outcome Score (GOSE) of
patients with severe head injuries upon initial hospital
discharge and the latest follow-up.
GOSE Description Discharge (%) Follow-up (%)
1 Dead 0 (0) 5 (12.2)
2 Vegetative 6 (14.6) 2 (4.9)
3 Lower severe disability 4 (9.8) 1 (2.4)
4 Upper severe disability 6 (14.6) 4 (9.8)
5 Lower moderate disability 4 (9.8) 1 (2.4)
6 Upper moderate disability 4 (9.8) 3 (7.3)
7 Lower good recovery 17 (41.4) 6 (14.6)
8 Upper good recovery 0 (0) 19 (46.4)
Table 3 Changes in patients’ Extended Glasgow Coma
Score (GOSE) following discharge from acute care.
1 2 3 4 5 6 7 8
GOSE upon
acute hospital
discharge
1
2  
3   
4    
5  
6  
7   
8
“” represents one patient.
Figure 2 Distribution by age groups for patients with good
and poor outcomes upon the last follow-up (nZ 41).
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bed-bound, respectively.
3.4. Predictive factors of post-acute outcome
To identify predictive factors for functional outcome after
acute care, patients were dichotomized into the good
recovery and poor recovery groups (Table 4). Good recovery
was represented by GOSE of 7 and 8, while GOSE 6 or lower
were classified as poor recovery.
Gender, the presence of subarachnoid/subdural/
epidural hemorrhages, RTS, and ISS were not found to be
associated with poor functional outcome. The presence of
ICH had a weak association with poor GOSE (pZ 0.045). Old
age (p< 0.001) and prolonged hospital stay (pZ 0.002)
were significantly associated with poor outcome. Using
binary logistic regression, gender, GCS upon admission, and
presence of intracranial hemorrhages of all types were not
predictive of functional outcome (results not shown). Age
(hazard ratio, 1.11; 95% confidence interval, 1.02e1.21;
pZ 0.012), and the length of acute hospital stay (hazard
ratio, 1.16; 95% confidence interval, 1.03e1.31; pZ 0.017)
were found to be independent predictors of poorer
outcome. Fig. 2 illustrates the association between patient
age by decades and post-discharge functional outcomes. All
patients younger than 30 years achieved good outcomes,Table 4 Potential predictive factors of post-acute care
functional outcome.
Poor outcome Good outcome pa
Age (y) 60.5 17.1 39.6 15.9 <0.001
Male (%) 63 68 0.725
LOS (d) 42.3 34.5 11.6 10.9 0.002
ICH (%) 50 20 0.045
SAH (%) 31 28 0.829
EDH (%) 13 12 0.963
RTS 4.87 0.96 4.73 1.38 0.740
ISS 21 19.16 16.96 15.55 0.463
EDHZ epidural hemorrhage; ICHZ intracerebral hemorrhage;
ISSZ Injury Severity Score; LOSZ length of stay; SAHZ su-
barachnoid hemorrhage; RTSZ Revised Trauma Score.
a Independent t-test.while none above the age of 65 did. Fig. 3 illustrates the
association between the length of acute hospital stay with
functional outcomes. Patients who were transferred out of
acute care within 1 week or sooner were particularly likely
to achieve good post-discharge functional outcome.
4. Discussion
4.1. Recovery from severe TBI
Severe TBI is associated with high mortality rates, and we
found an overall mortality rate of 69% in this study.1 Our
study also found a delayed mortality rate of 12.2%. Similar
findings have been reported previously which demonstrated
an increase in mortality risk for at least 7 years after the
initial trauma. The first-year mortality rate was 9.5%.
Thereafter, the annual mortality rate was around 3.2% and
the overall mortality rate at the 7th year post-injury was as
high as 27%.14 Most of the delayed mortalities were directlyFigure 3 Distribution by length of acute hospital stay days
for patients with good and poor outcomes upon the last follow-
up (nZ 41).
Functional survival after head injury 121related to the initial TBI. When compared with the general
population, the risk of death for patients with TBI was 23
times higher in the first 2 months, three times higher in the
3rd to the 12th months, and twice as high thereafter.14
Statistically, younger patients were found to be particu-
larly at risk, probably as a result of the relatively low
mortality rates in the younger age groups within the general
population.
Causes of post-acute mortality have been reported, with
25% of deaths being due to circulatory conditions, 22% due
to respiratory conditions, 14% due to neoplasms, and 5%
were seizure-related.15 In the present study, five of our
patients died after acute care, and their GOSE upon
discharge were poor. It was also interesting to note that
none of these deaths was directly neurologically related.
Among our acute-care survivors, there were relatively
good functional outcomes with 60.9% of patients attaining
GOSE 7 or 8. This was an encouraging finding. A previous
study on patients presented with GCS of 3 reported an
overall survival rate of 50.8%, with 13.2% of patients
attaining good functional outcomes at 6 months post-
injury.16 However, since our cohort included patients with
admission GCS of 3 to 8, the incidence of good recovery
would be expectedly higher.
Previous studies have reported that around 44% of
severely head-injured patients were able to achieve satis-
factory recovery or were able to care for themselves at 1
year.17 In the present study, 56.1% of patients had
improvement in their GOSE. Moreover, over 60% were able
to walk unaided and return home. This may add further
support to the notion that poor outcomes are not inevitable
in severely head-injured patients. In terms of the prognosis
for post-acute-care recovery, our patients with GOSE of 5 or
6 upon hospital discharge were found to have the greatest
improvement, followed by patients who already had GOSE
of 7. It is noteworthy that two individuals from this
subgroup of patients were able to achieve good recovery.
4.2. Rehabilitation and functional outcome
One of our discharge institutions was a dedicated rehabil-
itation hospital. The majority (66.7%) of patients treated
there had functional improvement, compared with 53.3% of
those transferred to a convalescence hospital. This result is
congruent with one of the local studies which reviewed the
effects of intensive rehabilitation on the functional
outcome of patients with moderate to severe TBI.18 It was
noted that although early intensive rehabilitation did not
alter the final outcome of patients, those who received it
had earlier recovery, which may translate into an expedited
resumption of their premorbid productivity. However, since
rehabilitation hospitals generally accept patients with
better rehabilitation potential, the impact of patient
selection bias cannot be excluded. Further investigations
into the impact of the level of rehabilitation services in this
locality will be of value.
4.3. Predictive factors of functional outcomes
Previous studies have identified age, injury severity,
number of comorbidities, mechanisms of injury, anddischarge destination as significant predictors of poor
outcome.19,20 Our study identified age and prolonged acute
hospital stay as significant predicators of poorer functional
outcome. Age-related poor outcome has been postulated to
be due to the poorer recoverability of the aged brain.19
Another possible explanation is that older patients may
have a significant number of comorbidities, leading to
a more arduous course of recovery. Prolonged hospital stay
may also be related to the higher number of elderly
patients included in our study. It was interesting to note
that formal injury severity scoring systems, such as RTS or
ISS, were not found to be significant predictors.
4.4. Limitations of the study
One of the major weaknesses of this study was that this was
a retrospective study with data taken from a large hospital
“general” trauma registry. The parameters of the data
collected were initially not set out for this study. Post-
acute-care assessments were performed by different indi-
vidual medical personnel who may have different inter-
pretations and experiences. The GOSE upon follow-up were
based on retrospective review, which may reduce its reli-
ability. The sample size was also a critical issue. With only
41 severe head injury survivors, the impact of the findings
cannot be readily generalized. A structured, protocol-
driven, preferably multicentered prospective study would
be required. A more thorough assessment on the detailed
functional abilities of the patients and their work capacities
would also add weight to the study.
5. Conclusion
Severe head injury continued to be a major cause of acute
and delayed mortalities and morbidities. The present study
illustrated that a proportion of severely head-injured
patients who survived acute care may achieve good long-
term functional recovery. Advanced age and prolonged
acute hospital stay were predictive of poor functional
recovery. Multidisciplinary neurorehabilitation service is an
important component of comprehensive trauma care. Our
findings may serve as a useful reference for the future
development of rehabilitation services in this locality and
other healthcare systems.
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